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METHOD FOR FORMING THIN FILM AND APPARATUS FOR FORMING THIN FILM 



(57) A sliower head 9 having a plurality of ejection 
holes for supplying an organic metal gas at uniform den- 
sity to the surface of a substrate 1 0 and a plurality of 
ejection holes for supplying an oxidizing gas at unifomri 
density to the same is provided in a reaction furnace 8 



of an MOSVD system. A heater for heating the inside to 
a temperature higher than the thermal decomposition 
point of the organic metal gas but lower than the film 
forming temperature is provided in the vicinity of the sub- 
strate-side surface of the shower head 9. 
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Description 

1. Technical Field 

[0001] The present invention relates to a thin film 
forming method and thin film forming apparatus forform- 
ing a thin film containing a metal element on a substrate 
by chemical vapor deposition which utilizes the thermal 
decomposition reaction of an organometallic com- 
pound. 

2. Background Art 

[0002] An MOCVD (Metal Organic Chemical Vapor 
Deposition) has been conventionally known which 
forms a compound semiconductor film by utilizing the 
thermal decomposition reaction of an organometallic 
compound. This MOCVD can form a thin film made of a 
ferroelectric such as PZT, which is used In a semicon- 
ductor device such as a memory. 

3. Disclosure of Invention 

[Problem to be Solved by the Invention] 

[0003] To form a thin film made of a ferroelectric such 
as PZT on a semiconductor device, a film must be 
fomned at a low temperature of 450°C or less, and a suf- 
ficient film formation rate must be obtained. When a PZT 
film is to be formed, the uniformity in its composition 
must be ensured. In the conventional MOCVD, howev- 
er, it Is difficult to satisfy both the uniformity in composi- 
tion of a thin film and a sufficient film forming rate. 
[0004] In contrast, a technique for increasing the uni- 
formities in composition and thickness of a thin film by 
using a shower head has been known. On the other 
hand, a technique for Increasing a film formation rate by 
preheating an organic metal gas serving as a sou rce gas 
and supplying it on a substrate has been known. There 
is thus provided a technique for preheating a source gas 
by a heater arranged between the shower head and a 
substrate in order to increase a film formation rate while 
using a shower head. 

[0005] However, this technique has the following 
problem. 

(a) In metal oxide film formation, an oxidizing gas Is 
also supplied to the substrate as the source gas. In 
this case, when a heater is exposed, it is unprefer- 
ably oxidized. 

(b) When preheating is perfonned near the gas in- 
troduction portion of the shower head, a highly re- 
active component Is generated by preheating. 
Since this component easily attaches to the Inner 
wail of the shower head, the nozzles of the shower 
head clog. In addition, when a multicomponent met- 
al oxide film such as a PZT film Is to be fomned, 
since some components contained In the film are to 



be easily deposited by preheating and others are * 
not, the supply amount of only a certain component 
may be reduced. 

5 [0006] For these reasons, when preheating is per- 
formed before film formation, the uniformities in thick- 
ness and composition of afilm in film fonnation degrade. 
[0007] The present Invention has been made to solve 
the above problem, and has as its object to provide a 
thin film fomilng method and thin film forming apparatus 
which can ensure the satisfactory composition of a thin 
film and the uniformity In thickness thereof, and increase 
a film formation rate. 

[Means of Solution to the Problem] 

[0008] In a thin film forming method of the present in- 
vention, an Inside in the vicinity of a substrate-side sur- 
face of gas supply means forsupplying an organic metal 
gas to a surface of a substrate at uniform density is heat- 
ed to a temperature higher than a thermal decomposi- 
tion point of an organic metal gas but lower than a film 
forming temperature. 

[0009] As described above, the organic metal gas can 
be supplied to the surface of the substrate at uniform 
density by using the gas supply means. Heating a local 
portion immediately before the position of uniform sup- 
ply of the organic metal gas from the gas supply means 
enables the thermal decomposition of the organic metal 
gas. In forming a thin film, e.g., a PZT film in which the 
uniformity in composition is very important, an interme- 
diate product thermally decomposed without impairing 
the uniformity in composition can be supplied to the sur- 
face of the substrate. Therefore, a film formation rate 
can increase without impairing the uniformities in thick- 
ness and composition of the film. 
[0010] In another thin film forming method of the 
present invention, an inside at only a periphery of an 
ejection hole for an organic metal gas, out of two gas 
ejection holes provided to gas supply means for supply- 
ing an organic metal gas and oxidizing gas to a surface 
of a substrate at uniform density, is heated to a temper- 
ature higher than a thermal decomposition point of an 
organic metal gas but lower than a film fonning temper- 
ature. 

[0011] As described above, since only the inside at 
the periphery of the ejection holes for the organic metal 
gas is heated to a temperature higher than the thermal 
decomposition point of the organic metal gas but lower 
than the film forming temperature, the organic metal gas 
can be themnally decomposed, thereby supplying a ther- 
mally decomposed Intermediate product to the surface 
of the substrate. 

[0012] In a thin film forming apparatus of the present 
invention, gas supply means having a plurality of ejec- 
tion holes which supply an organic metal gas to a sur- 
face of the substrate at unifomi density is provided in a 
reaction chamber, and a heater for heating the organic 
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metal gas to a temperature higher than a thermal de- 
composition point of an organic metal gas but lower than 
a film forming temperature Is incorporated near a sub- 
strate-side surface of the gas supply means. 
[001 3] As described above, the organic metal gas can 
be supplied to the surface of the substrate at uniform 
density by using the gas supply means. Heating, by a 
heater, a local portion immediately before the position 
of unifomn supply of the organic metal gas from the gas 
supply means enables the thermal decomposition of the 
organic metal gas. In forming a thin film, e.g., a PZTfilm 
in which the uniformity in composition is very important, 
an intermediate product thennally decomposed without 
impairing the uniformity in composition can be supplied 
to the surface of the substrate. Therefore, a film fomna- 
tlon rate can increase without impairing the uniformities 
in thickness and composition of the film. 
[0014] In another thin film forming apparatus of the 
present invention, gas supply means having a plurality 
of first ejection holes which supply an organic metal gas 
to a surface of the substrate at uniform density and a 
plurality of second ejection holes which supply an oxi- 
dizing gas at uniform density are provided in a reaction 
chamber, and a heater for heating the organic metal gas 
to a temperature higher than a thermal decomposition 
point of an organic metal gas but lower than a film form- 
ing temperature is incorporated around the first ejection 
holes of the gas supply means. 

[0015] As described above, since the periphery of the 
first ejection holes is heated by a heater to a temperature 
higher than the thermal decomposition point of the or- 
ganic metal gas but lower than the film forming temper- 
ature, the organic metal gas can be thermally decom- 
posed, thereby supplying the thermally decomposed in- 
termediate product to the surface of the substrate. 

4. Brief Description of Drawings 
[0016] 

Fig. 1 is a block diagram showing the arrangement 
of an MOCVD system according to an embodiment 
of the present invention; 

Fig. 2 Is a bottom view of a shower head shown in 
Fig. 1; 

Fig. 3 Is a sectional view of the shower head shown 

in Fig. 1 ; and 

Fig. 4 is a plan view showing the pattern of a heater. 

5. Best Mode of Carrying Out the Invention 

[0017] An embodiment of the present invention will be 
described in detail with reference to the accompanying 
drawings. Fig. 1 is a block diagram showing the arrange- 
ment of an MOCVD system according to an embodiment 
of the present invention. 

[0018] In Fig. 1, reference numeral 1 denotes a 
source tank which holds a lead dibivaloylmethane com- 
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plex Pb(DPM)2; 2, a source tank which holds an orga- 
nometallic compound source containing Ti, e.g., Ti 
(OiPr)4; 3, a source tank which holds an organometallic 
compound source containing Zr, e.g., Zr(OtBt)4; 4 to 7, 
5 mass-flow controllers for respectively controlling the 
flow rates of Pb(DPM)2 gas, Ti(OiPr)4 gas, Zr(OtBt)4 
gas, and NO2 gas; 8, a reaction chamber; 9, a shower 
head serving as a gas supply means; and 10, a semi- 
conductor substrate. 
10 [001 9] In this embodiment, the shower head 9 is used 
as a means for supplying an organic metal gas and ox- 
idizing gas to the substrate 10 at uniform density. Fig. 2 
is a bottom view of the shower head 9, and Fig. 3 is a 
sectional view of the shower head 9. 
^5 [0020] The lower structure of the shower head 9 is 
constructed by AIN ceramic plates 11 and 12 with good 
thermal conductivity. The ceramic plates 1 1 and 1 2 have 
a plurality of first ejection holes 13 for ejecting an organic 
metal gas and a plurality of second ejection holes 14 for 
20 ejecting an oxidizing gas (NO2 gas). A heater 1 5 having 
a shape shown in Fig. 4 is printed on the upper surface 
of the AIN ceramic plate 11 , which is formed to detour 
the ejection holes 1 3 and 1 4. The ceramic plates 1 1 and 
12 accordingly sandwich the heater 15 therebetween. 
25 The heater 15 generates heat by making a current flow 
therein, so that the ceramic plates 11 and 12 are heated 
to a temperature (e.g., 240°C when a PZT film is to be 
formed as in this embodiment) higher than the thermal 
decomposition point of the organic metal gas but lower 
30 than the film forming temperature. 

[0021] In contrast, an upper structure 1 6 of the shower 
head 9 is made of Al. The upper structure 1 6 is heated 
by a heater (not shown) to a temperature (e.g., 200°C 
when the PZT film is to be formed) higher than a tem- 
35 perature at which the organic metal gas can keep the 
vapor state but lower than the thermal decomposition 
point of the organic metal gas. When a buffer plate (not 
shown) made of AI2O3 or the like which has thermal con- 
ductivity lower than that of AIN is then formed between 
40 the AIN ceramic plate 1 2 and upper structure 1 6, the AIN 
ceramic plates 11 and 12 can be kept at a temperature 
higher than that of the upper structure 16. 
[0022] A thin film fonning method using the above-de- 
scribed MOCVD system will be described next. First, the 
45 source tank 1 is heated to evaporate the lead dibivaloyl- 
methane complex Pb(DPM)2, and the source tank 2 Is 
simultaneously heated to evaporate an organometallic 
compound source Ti(OiPr)4. The resultant Pb(DPM)2 
gas and Ti(OiPr)4 gas and NO2 gas are introduced into 
50 the evacuated reaction chamber 8. Atthls time, the pres- 
sure of the reaction chamber 8 is 0.005 ton', the flow rate 
of Pb(DPM)2 gas is 0.2 seem, the flow rate of Ti(OiPr)4 
gas is 0.14 seem; the flow rate of NOg gas is 2.3 seem, 
and a film fomiing temperature (substrate temperature) 
55 is445*C. Under these conditions, Pb(DPM)2 gas and TI 
(OiPr)4 gas pass through a path shown In Fig. 3 and are 
ejected from the ejection holds 13, and NO2 gas passes 
through a path shown in Fig. 3 and is ejected from the 
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ejection holes 1 4. With this processing, a crystal nucleus 
with a perovskite structure made of PbTIOs is formed on 
the substrate 10. 

[0023] Successively, the source tank 3 is heated to 
evaporate Zr(OtBt)4, and the resultant Zr(OtBt)4 gas is 
introduced into the reaction chamber 8 together with the 
gases described above. The flow rate of Zr(OtBt)4 gas 
is 0.175 seem, and other conditions are the same as in 
the above description. Zr(0tBt)4 gas is ejected from the 
ejection holes 13 together with Pb(DPM)2 gas and Ti 
(OiPr)4 gas. With this processing, a PZTfllm (PbZrxTil- 
XO3 film) with the perovskite structure is formed on the 
substrate 10. 

[0024] In this embodiment, the organic metal gas and 
oxidizing gas can be supplied to the surface of the sub- 
strate 1 0 at uniform density by using the shower head 
9. The gas pipes to the shower head 9 are kept at a 
temperature (160 to 200**C when the PZTfilm is to be 
formed) lower than thermally decomposition point of the 
organic metal gas, and the vicinity of the ejection holes 
1 3 of the shower head 9 is heated to a temperature high- 
er than the thermal decomposition point of the organic 
metal gas. With this processing, the organic metal gas 
which is easily thermally decomposed can be transport- 
ed to the vicinity of the ejection holes of the shower head 
9 and then thermally decomposed at the vicinities of the 
ejection holes 13. Therefore, the film formation rate can 
be made twice or more the conventional rate, from 1 0 
nm/min to 25 nm/min. Note that the heater 15 heats both 
the ejection holes 13 and 14 in this embodiment. How- 
ever, if the heater 1 5 heats only the vicinity of the ejec- 
tion holes 13, the same effect can also be obtained. 
[0025] Since the AIN has good thermal conductivity, 
variations in temperature of the substrate-side surface 
of the shower head 9 can be suppressed within ±1*'C, 
thereby obtaining the satisfactory uniformity in temper- 
ature. Thus, the satisfactory composition and uniformity 
in thickness of the thin film formed on the substrate 1 0 
can be ensured, and the film formation rate can be great- 
ly increased as compared with that in the prior art. 
[0026] Note that a nucleus forming process and a film 
fomning process are performed at a high vacuum of 
0.005 torr in this embodiment, but the film forming proc- 
ess may be performed at a low vacuum. That is, the lead 
diblvaloylmethane complex Pb(DPM)2 and organome- 
tallic compound source Ti(OiPr)4 are dissolved in an or- 
ganic solvent (butyl acetate solution) and evaporated to- 
gether with the organic solvent, and the resultant gas is 
introduced into the reaction chamber 8 at a pressure of 
0.005 torr to form a nucleus. Successively, the organo- 
metallic compound source Zr(OtBt)4 is dissolved in the 
organic solvent together with the above-described Pb 
(DPM)2 and Ti(OiPr)4 and evaporated with the organic 
solvent, and the resultant gas is introduced into the re- 
action chamber 8 at a pressure of about 0.1 to 0.5 torr 
to form a film. At this time, to make the respective partial 
pressures equal, an inert gas is introduced so as to 
make a total flow rate of gases about 20 to 1 00 times. 



This can increase the internal pressure of the shower 
head 9, thereby uniformity supplying the organic metal 
gas to the surface of the substrate. 
[0027] This embodiment uses the post-mix type 

5 shower head 9 which supplies the organic metal gas and 
the oxidizing gas independently. However, a pre-mix 
type shower head for supplying the organic metal gas 
and oxidizing gas together may be used. In addition, the 
PZT film is formed on the substrate 1 0 in this embodi- 

10 ment, butthefilm is not obviously limited to the PZTfilm. 
[0028] As described above, according to this embod- 
iment, the inside of the vicinity of the substrate-side sur- 
face of the shower head 9 is heated to a temperature 
higher than the themial decomposition point of the or- 

f5 ganic metal gas but lower than the film forming temper- 
ature. With this processing, the satisfactory composition 
and uniformity in thickness of the thin film formed on the 
substrate 1 0 can be ensured, and the film formation rate 
can be greatly increased as compared with that in the 

20 prior art. As a result, a thin film forming apparatus with 
good mass production can be realized. In addition, since 
the inside of the vicinity of the substrate-side surface of 
the shower head 9 is to be heated, the heater 15 is not 
exposed, thereby preventing the heater 16 from oxidia- 

25 tion. 

6. Industrial Applicability 

[0029] As has been described above, the present in- 
30 vention is suitable to forming a high-quality thin film. 

Claims 

35 1. A thin film forming method of fomning a thin film con- 
taining a metal element on a substrate by chemical 
vapor deposition which utilizes a thermal decompo- 
sition reaction of an organometallic compound, 
characterized by comprising 

40 heating, to a temperature higher than a ther- 

mal decomposition point of an organic metal gas but 
lower than a film fomning temperature, an inside in 
the vicinity of a substrate-side surface of gas supply 
means for supplying an organic metal gas to a sur- 

45 face of the substrate at uniform density. 

2, A thin film forming method of forming a thin film con- 
taining a metal element on a substrate by chemical 
vapor deposition which utilizes a thermal decompo- 
se sition reaction of an organometallic compound, 
characterized by comprising 

heating, to a temperature higher than a ther- 
mal decomposition point of an organic metal gas but 
lower than a film fomning temperature, an inside at 
55 only a periphery of an ejection hole for an organic 
metal gas out of two gas ejection holes provided to 
gas supply means for supplying an organic metal 
gas and oxidizing gas to a surface of the substrate 
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at uniform density. 

3. A thin filnn forming apparatus for forming a thin film 
containing a metal element on a substrate by chem- 
ical vapor deposition which utilizes a thermal de- 
composition reaction of an organometallic com- 
pound, characterized by comprising 

gas supply means provided in a reaction 
chamber to have a plurality of ejection holes which 
supplies an organic metal gas to a surface of the 
substrate at uniform density, 

wherein a heaterfor heating the organic metal 
gas to a temperature higher than a themnal decom- 
position point of an organic metal gas but lower than 
a film forming temperature is incorporated near a 
substrate-side surface of said gas supply means. 

4. A thin film forming apparatus for forming a thin film 
containing a metal element on a substrate by chem- 
ical vapor deposition which utilizes a thermal de- 20 
composition reaction of an organometallic com- 
pound, characterized by comprising 

gas supply means provided in a reaction 
chamber to have a plurality of first ejection holes 
which supply an organic metal gas to a surface of 25 
the substrate at uniform density and a plurality of 
second ejection holes which supply' an oxidizing 
gas at uniform density, 

wherein a heaterfor heating the organic metal 
gas to a temperature higher than a thermal decom- 30 
position point of an organic metal gas but lower than 
a film forming temperature is incorporated around 
the first ejection holes of said gas supply means. 
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